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SUBSTITUTE SPECIFICATION 



Attorney Docket No. 16749-3 
CHent No. BE-22741-WO-US/AB 



DEVICE FOR STABILIZING A SINGLE-TRACK VEHICLE 
AND VEHICLE WITH SUCH A DEVICE 



Background of the Invention 



[0001] The invention relates to a device for stabilizing a single-track vehicle and also 
to a single-track vehicle provided with such a device. 

[0002] Single-track vehicles, for example motorcycles or bicycles, are inherently stable at 
sufficient travel speed, but on stopping they must be supported by the driver's feet or by 
means of a supporting device, for instance with runners or supporting rollers, in order to 
prevent tipping over. On fully-enclosed two-wheeled vehicles, which do not allow foot 
support because of the bodywork, supporting devices with lateral supporting rollers are 
known which are raised at higher speeds so that single-track banking turning is possible 
for travelling at speed. Similar devices are also used on single-track vehicles for disabled 
people, people of small stature and for learning and test drives. It has also been 
proposed that the raising of the supporting device for travelling at speed or the lowering 
thereof for stabilization on stopping be coupled to the speedometer signal and to initiate 
appropriate actuation automatically at a specific speed or at least to give the driver a warning 
signal that actuation is required. This simple coupling to the speed signal has not proved 
successful in practice. In fact, if there is unilateral loading of the supporting device, for 
instance when turning or in the case of a laterally inclined roadway, then the vehicle can 
tilt to one side when the supporting device is raised in spite of sufficient speed. 

[0003] A device of the type referred to in the introduction is known from EP 0 097 623 Bl 
which comprises in addition to the speedometer a transverse acceleration meter which 
should prevent raising in the event of unilateral loading or should effect lowering in 
spite of sufficient speed in the event of increasing transverse acceleration, a sign of imminent 
tipping. The use of the speedometer signal taking account of the transverse 
acceleration as a parameter for the raising or lowering of the device has proved a suitable 
and reliable method of indicating the possibility of actuation to the driver when driving 
cabin motorcycles. However, it may be regarded as a disadvantage that it is relatively 
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difficult for the driver to become accustomed to the different steering behavior of the vehicle 
when he raises the supporting device in response to this indication. With lowered supporting 
rollers, i.e. in multi-track vehicle mode, turning of the steering device in the clockwise 
direction produces a right tum. With the supporting rollers raised in single-track mode the 
same actuation of the steering device inclines the vehicle to the left and consequently 
produces a left tum. Thus automatic actuation of the supporting device is practically ruled 
out, because the driver can be surprised by this change in the steering behavior and thus 
there is a danger of actuating the steering device in the wrong direction. Thus this known 
design is suitable in particular for use in fail-passive systems which prevent incorrect 
actuations of the supporting device in that for example the raising of the supporting device 
initiated by the driver is only possible at sufficient travelling speed and without 
transverse acceleration, and the lowering of the supporting device again initiated by the 
driver is only allowed under appropriate conditions. However, by comparison with 
conventional single-track vehicles with foot support this results in changed operating 
requirements, and a considerable releaming phase is inevitable. 

Summary of the Invention 

[0004] An object of the present invention is to create a modified device of the type referred 
to in the introduction which is improved particularly in this respect and in which the 
aforementioned disadvantages do not occur. 

[0005] The advantages of the invention are to be seen principally in the fact that in a simple 
manner a reliable stabilizing device can be achieved in which the change in steering behavior 
which requires habituation is shifted to the slow marginal range of the travel mode, 
and thus actuation of the steering in the wrong direction is avoided and the stability of the 
vehicle is correspondingly improved. The device designed according to the invention does 
not require any special releaming phase for riders of bicycles, facilitates automatic actuation 
of the supporting device without additional operating requirements and additionally allows a 
safe introduction to two-wheeled driving techniques for the unskilled. 

[0006] The invention is explained with reference to an embodiment shown schematically in 
the drawings. 
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Brief Description of the Drawings 

[0007] Figure 1 shows a side view of a single-track vehicle provided with a device 
according to the invention, 

[0008] Figure 2 shows a transverse view from behind a device according to the invention for 
stabilizing the single-track vehicle, 

[0009] Figure 3 shows the device according to Figure 2 in a second operating position, 

[0010] Figure 4 shows the device according to Figure 2 in a third operating position, and 

[001 1] Figure 5 shows a longitudinal sectional view of a detail of the device according to 
Figure 2 on an enlarged scale. 

Description of the Preferred Embodiments 

[0012] The single-track vehicle according to Figure 1, which in this illustration is 
a cabin motorcycle, has a body 1, a front wheel 2, a rear wheel 3 and a stabilizing device 
comprising a supporting device 4 with supporting rollers 5. The supporting rollers 5 are 
each supported on a respective supporting strut 6, 7 which can be pivoted in and out. The 
supporting struts 6 and 7 are each led out through a slot 8 provided in the body 1, and they are 
each adjustable in the respective slot between an illustrated lowered supporting position 
and a raised rest position. The supporting device 4 can be actuated by way of a control 
device 10 which is provided in the vehicle and which can be influenced as a function of 
control signals from a speedometer (not shown) which senses the speed of the vehicle and of 
control signals from a transverse acceleration meter (not shown). 

[0013] As can be seen from Figures 2 to 4, the supporting struts 6 and 7 are pivotably 
articulated with their mutually facing ends at two bearing points 1 1 and 12 on the 
vehicle and are coupled to one another so as to be adjustable synchronously by way of a 
spring element 13 provided with a damping device. The supporting device 4 can be 
actuated by way of an adjusting device 14 which comprises a supporting and actuating 
element 15 which can be influenced in combination by control signals from the control 
device 10 and/or from the driver and which is articulated on the vehicle and on the 
supporting strut at respective bearing points 16, 17. Figure 2 shows the supporting device 4 
with the preceding supporting and actuating element 15 in an extended rigid position with 
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lateral support approximately vertical with respect to the road surface, in a manner which 
has yet to be described, whereby this setting results in direct driving behavior of a multi- 
track vehicle. 

[0014] Figure 3 shows the supporting device 4 with the preceding supporting and actuating 
element 15 in a loose setting, which has yet to be described, which allows a slightly 
damped inclination of the vehicle by steering in the opposite direction as in an 
unsupported single-track vehicle. 

[0015] Figure 4 shows the supporting device 4 with the preceding supporting and actuating 
element 15 in a tensioned setting which allows unsupported single-track travel with 
freedom of inclination. 

[0016] According to a modified embodiment (not shown), each of the two supporting struts 
6 and 7 can be preceded by its own supporting and actuating element 15 which can be 
influenced in combination. 

[0017] Figure 5 shows an embodiment of the supporting and actuating elements 15 which 
can be influenced in combination with a piston/cylinder arrangement 20 which is closed 
towards the exterior and contains a lockable hydraulic gas spring 21 with a tensioning device 
22. The hydraulic gas spring 21 comprises a gas chamber 24, a hydraulic fluid chamber 28 
which is separate therefrom and a piston 25 which is guided in the latter and which 
produces the RIGID (closed) or LOOSE (open) states by hydraulic displacement 
transmission with a through- flow valve 26 which can be activated electrically or by other 
actuating means, in the illustration by means of an electromagnet 27, and is capable of being 
closed and opened. 

[0018] The gas chamber 24 is intended to accommodate a pressure medium for spring 
suspension, for extending the supporting struts 6, 7, for storing the energy of extension in the 
tensioned state and for volume equalization. The hydraulic gas spring 21 can be 
tensioned by an externally acting force when the through-flow valve 26 is open or by 
pumping round hydraulic fluid to the other side of the piston when the through-flow valve 
26 is closed, and can be locked hydraulically or mechanically in the tensioned position, so 
• that when this locking is released the stored energy is used for lowering the stabilizing device 
into the supporting state. The tensioning device 22 comprises a hydraulic pump 29 with a 
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control valve 30 which is intended for pumping round the hydraulic fluid during the 
tensioning operation and in the opposite direction of rotation can act to assist in extending the 
supporting struts. 

[0019] According to a modified embodiment (not shown) which is likewise closed 
towards the exterior, the gas chamber 24 and also the through-flow valve 26 can also be 
installed in or connected to the connecting line 31 outside the gas spring 21, which is thereby 
reduced to a double-acting servo cylinder, thus allowing a reduction in the overall length of 
the supporting and actuating element while at the same time increasing the actuating path. 
In this design also it is characteristic that the hydraulic system is closed per se and the 
internal pressure which is increased by the retraction of the piston rod 32 of the 
actuating element can be activated as an energy store for lowering the stabilizing device 
with a simple opening of the valve 30. 

[0020] The combinable supporting and actuating element 15 which is provided according to 
the invention and is to precede the supporting device 4 is influenced by speed and transverse 
acceleration signals and/or by the driver, i.e. set to RIGID or LOOSE, EXTENDED or 
TENSIONED, and accordingly produces reliable support when stationary and/or inclined 
travel in a lowered position and automatic raising for single-track travel or lowering before 
stopping. Thus by means of the stabilizing device improved according to the invention the 
following operating states are possible: 
RIGID (Figure 2): 

The rigid supjporting and actuating element 15, constructed for example as a locked 
hydraulic gas spring, effects support of the vehicle approximately perpendicular to the road 
surface and is used during parking, maneuvering, reversing, at low speeds and/or on a 
slippery surface. Steering actions are direct; i.e. tuming the steering means to the left = left 
turn, e.g. with a tandem or tricycle. In this state the element 15 is used as a spring 
suspension for the stabilizing device by small changes in length under fluctuating loads. 

LOOSE (Figure 3): 

Upon setting off, the extending supporting and actuating element 15 can be 
triggered automatically by an increasing speedometer signal and/or by a signal initiated by 
the driver, but only in the case of lateral balance, i.e. with low transverse acceleration, in that 
in the illustrated example the hydraulic gas spring is unlocked, which with the supporting 
device 4 lowered and in forward travel mode allows vehicle operation as a single-track 
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vehicle with steering in the opposite direction and inclined positions when turning, 
whereby the supporting device on one side or on both sides follows the road surface, and if 
transverse acceleration occurs or upon stopping it is possible to switch over immediately to 
RIGID automatically due to a decreasing speedometer signal or an increasing transverse 
acceleration signal or triggered by a signal from the driver, so that tipping over is prevented. 
In addition, if the vehicle is in an inclined position it can be righted by the EXTENDING 
hydraulic pump activated against the tensioning direction and in the extreme case even if the 
vehicle is lying on its side it can be raised again in this way. 
TENSIONED (Figure 4): 

From the LOOSE operating state the supporting device 4 can be raised at 
any time automatically by tensioning the supporting and actuating element 15 or in response 
to a signal from the driver without the driving behavior of the vehicle changing. By 
means of an intemal or external tensioning device 22, the combinable supporting and 
actuating element 15 can be changed in length, i.e. TENSIONED, as illustrated by pumping 
round the hydraulic fluid in the hydraulic gas spring 21 to the opposite side of the 
piston, or by mechanical tensioning from the exterior, in such a way that the supporting 
device 4 is raised and the freedom of inclination of the vehicle for single-track operation is 
ensured. 

[0021] From this operating state, due to a decreasing speedometer signal and/or signal 
from the driver, first of all a safety lock against inadvertent lowering is overcome and 
then the supporting and actuating element 15 is released either automatically or in response to 
a signal from the driver and is quickly lowered and transferred to the LOOSE state (Figure 3) 
by the energy which was previously accumulated during tensioning and is now released, and 
again this does not cause any change to the driving behavior and thus also does not require 
any resetting by the driver. In the event of a further reduction in the speedometer signal, 
and possibly also in the event of transverse acceleration occurring (= a sign of the start of 
tipping over), the supporting and actuating element 15 changes over automatically or in 
response to a signal from the driver into the EXTENDING and RIGID state (Figure 2) and 
safe stopping without the danger of tipping and/or righting of the vehicle is thereby ensured. 
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